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(57) ABSTRACT

A memory device includes a bit line extending in a first
direction, a word line extending in a second direction crossing
the first direction, an insulating material between the word
line and another word line, a first layer made of a Group IV
element, between the word line and the insulating material
and between the word line and the bit line, and a second layer
made of a compound of a Group V element and a Group VI
element, between the insulating material and the bit line. The
word line includes a first portion that is metallic and a second
portion between the first portion and the first layer. In addi-
tion, a variable resistance portion in contact with the first and
second layers and the second portion of the word line, con-
tains the Group IV element and the compound of the Group V
element and the Group VI element.
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1
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2015-071446,
filed Mar. 31, 2015, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory device.

BACKGROUND

Recent designs of some memory devices have memory
cells that are integrated in a three-dimensional manner. In
such a memory device, a plurality of word lines extending in
a first direction and a plurality of bit lines extending in a
second direction are provided, and a memory cell is formed at
each intersection of a word line and a bit line. Further, a
predetermined voltage is applied to one word line and one bit
line to cause the memory cell at the intersection of the one
word line and the one bit line to be selected so that writing or
reading of data can be performed on the selected memory cell.
However, if the memory cells are more highly integrated
intersection, interference between the memory cells may
occur.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a memory device
according to a first embodiment.

FIG. 2A and FIG. 2B are sectional views showing the
memory device according to the first embodiment.

FIG. 3A and FIG. 3B are sectional views showing a
memory cell of the memory device according to the first
embodiment; FIG. 3A shows a high resistance state and FIG.
3B shows a low resistance state.

FIG. 4A and FIG. 4B are graphs, in which the horizontal
axis indicates time and the vertical axis indicates voltage,
showing driving signals of the memory device according to
the first embodiment; FIG. 4A shows a set operation and FIG.
4B shows a reset operation.

FIG. 5A to FIG. 5C are sectional views showing a manu-
facturing method of the memory device according to the first
embodiment.

FIG. 6A and FIG. 6B are sectional views showing a
memory cell of the memory device according to the first
modification example of the first embodiment; FIG. 6A
shows a high resistance state and FIG. 6B shows a low resis-
tance state.

FIG. 7A and FIG. 7B are sectional views showing a
memory cell of the memory device according to the second
modification example of the first embodiment; FIG. 7A
shows a high resistance state and FIG. 7B shows a low resis-
tance state.

FIG. 8 is a perspective view showing a memory device
according to a second embodiment.

FIG. 9A is a sectional view showing the memory device
according to the second embodiment and FIG. 9B is a sec-
tional view showing a memory cell of the memory device
according to the second embodiment.
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FIG.10A to FIG. 10C are sectional views showing a manu-
facturing method of the memory device according to the
second embodiment.

FIG. 11A and FIG. 11B are sectional views showing the
manufacturing method of the memory device according to the
second embodiment.

FIG. 12A and FIG. 12B are views that illustrate an effect
according to the second embodiment; FIG. 12A is a view of
the memory device according to the second embodiment and
FIG. 12B is a view of a memory device according to a com-
parative example.

FIG. 13 is a sectional view showing the memory device
according to a modification example of the second embodi-
ment.

FIG. 14 A to FI1G. 14C are sectional views showing a manu-
facturing method of the memory device according to the
modification example of the second embodiment.

FIG. 15A and FIG. 15B are sectional views showing the
manufacturing method of the memory device according to the
modification example of the second embodiment.

DETAILED DESCRIPTION

Embodiments provide a memory device that suppresses
the interference between memory cells.

In general, according to one embodiment, a memory device
includes a plurality of bit lines, including first and second bit
lines, extending in a first direction away from a substrate, a
plurality of word lines, including first and second word lines,
extending in a second direction crossing the first direction and
substantially parallel to a surface of the substrate, an insulat-
ing material between the first and second word lines, a first
layer made of a Group IV element, between the first word line
and the insulating material and between the first word line and
the first bit line, and a second layer made of a compound of a
Group V element and a Group VI element, between the insu-
lating material and the first bit line. The first word line
includes a first portion that is metallic and a second portion
between the first portion and the first layer. In addition, a
variable resistance portion in contact with the first and second
layers and the second portion of the first word line, contains
the Group IV element and the compound of the Group V
element and the Group VI element.

According to another embodiment, a memory device
includes a plurality of bit lines, including first and second bit
lines, extending in a first direction away from a substrate, a
plurality of word lines, including first and second word lines,
extending in a second direction crossing the first direction and
substantially parallel to a surface of the substrate, an insulat-
ing material between the first and second word lines, a first
layer between the first word line and the insulating material,
a second layer between the insulating material and the first bit
line, and a variable resistance layer between the first word line
and the first bit line. The first word line includes a first portion
that is metallic and a second portion between the first portion
and the first layer and the first portion and the variable resis-
tance layer. In addition, the variable resistance layer is in
contact with the first and second layers, the second portion of
the first word line, and the bit line, and contains a Group IV
element and a compound of a Group V element and a Group
VI element.

According to still another embodiment, a memory device
includes a plurality of bit lines, including first and second bit
lines, extending in a first direction away from a substrate, a
plurality of word lines, including first and second word lines,
extending in a second direction crossing the first direction and
substantially parallel to a surface of the substrate, a first
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insulating layer between the first and second word lines, a
Group IV element layer made of'a Group IV element between
the first word line and the first bit line, and a second insulating
layer between a first portion of the first word line and the
Group 1V element layer but not between a second portion of
the first word line and the Group IV element layer, where a
thickness of the first portion is greater than a thickness of the
second portion.

First Embodiment

Firstly, the first embodiment will be described.

FIG. 1 is a perspective view showing a memory device
according to the embodiment.

FIG. 2A and FIG. 2B are sectional views showing the
memory device according to the embodiment.

FIG. 3A and FIG. 3B are sectional views showing a
memory cell of the memory device according to the embodi-
ment, where FIG. 3A shows a high resistance state and FIG.
3B shows a low resistance state.

FIG. 4A and FIG. 4B are graphs, in which the horizontal
axis indicates time and the vertical axis indicates voltage,
showing driving signals of the memory device according to
the embodiment. FIG. 4A shows a set operation and FIG. 4B
shows a reset operation.

For convenience of illustration, each unit is briefly illus-
tratedin FIG. 1, FIG. 2A and F1G. 2B. Further, FIG. 2B shows
aYZ plane including local bit lines 31. Interlayer insulation
films 39 existing in the front side are omitted in FIG. 2B in
order to show gate electrodes 25 and local word lines 32. In
the drawing, side surfaces of both the gate electrodes 25 and
the local word lines 32 are shown with hatching so as to be
easily seen.

The memory device according to the embodiment is a
phase change random access memory (PCRAM).

As shown in FIG. 1, FIG. 2A and FIG. 2B, the memory
device 1 according to the embodiment is provided with a
silicon substrate 10.

Hereinafter, for convenience of description, in the specifi-
cation, XYZ orthogonal coordinate system is used. Two
directions which are in parallel to the top face of the silicon
substrate 10 and also are orthogonal to each other, correspond
to “the X direction” and “the Y direction”, respectively, and a
direction which is normal to the top face of the silicon sub-
strate 10 corresponds to “the Z direction”.

A plurality of global bit lines 11 extending in the X direc-
tion are provided on the silicon substrate 10. The plurality of
global bitlines 11 are periodically arranged in the Y direction.
The global bit lines 11 are formed such that, for example, the
upper layer portion of the silicon substrate 10 is divided by
element separating insulators (not shown), or the global bit
lines 11 are formed of polysilicon on an insulation film (not
shown) which is provided on the silicon substrate 10. Wiring
selecting units 20 are provided over the global bit lines 11,
and memory units 30 are provided over the wiring selecting
units 20.

A plurality of semiconductor members 21 are provided in
the wiring selecting unit 20. The plurality of semiconductor
members 21 are arranged in a matrix-like shape in the X
direction and the Y direction, and each semiconductor mem-
ber 21 extends in the Z direction. Further, the plurality of
semiconductor members 21 which are arranged in a row in the
X direction are commonly connected to one global bit line 11.
Ineach semiconductor member 21, starting from the low side,
i.e., starting from the global bit lines 11, an n* type portion 22,
a p~ type portion 23 and an type portion 24 are sequentially
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arranged in the order listed in the Z direction. Alternatively,
the position of the n type portion and the p type portion may
be reversed.

The gate electrodes 25 extending in the Y direction are
provided between each semiconductor member 21 in the X
direction. The gate electrodes 25 are at the same level in the Z
direction. Further, when seen in the X direction, the gate
electrode 25 overlaps the upper portion of the type portion 22,
the entire p~ type portion 23 and the lower portion of the type
portion 24. A gate insulation film 27 formed of, for example,
silicon oxide is provided between the semiconductor member
21 and the gate electrodes 25. A thin film transistor (TFT) 29
of'an n channel type includes the semiconductor member 21
which includes the n* type portion 22, the p~ type portion 23
and the type portion 24, the gate insulation film 27, and the
gate electrode 25.

The memory unit 30 is provided with a plurality of local bit
lines 31. The plurality of local bit lines 31 are arranged in a
matrix-like shape in the X direction and the Y direction, and
each local bit line 31 extends in the Z direction. The local bit
line 31 is formed of, for example, metallic material such as
tungsten (W). Alternatively, the local bit line 31 may be
formed of polysilicon. Further, the lower end of each local bit
line 31 connects to the upper end of each semiconductor
member 21. Accordingly, the lower end of each local bit line
31 connects to the global bit line 11 through each semicon-
ductor member 21.

The local word lines 32 are provided between adjacent
local bit lines 31 in the X direction. The local word lines 32
extend in theY direction, are arranged in two rows on sides of
the local bit lines 31 in the X direction, and are arranged in
plural stages in the Z direction. In other words, in an XZ cross
section, one local bit line 31 and two rows of local word lines
32 are alternatively arranged in the X direction. An interlayer
insulation film 39 formed of silicon oxide film is provided
between each of the global bit lines 11, the semiconductor
member 21, the gate electrodes 25, the local bit lines 31 and
the local word lines 32. A portion of the interlayer insulation
film 39 is also arranged between two local word lines 32
which are arranged between adjacent local bit lines 31 in the
X direction.

As shown in FIG. 3A and FIG. 3B, a main body unit 32a
formed of, for example, tungsten is provided in the local word
line 32, and a barrier metal layer 325 formed of, for example,
titanium nitride (TiN) is provided on the top face, the bottom
surface, and the side surface facing the local bit line 31, of the
main body unit 32a. The local word line 32 includes the main
body unit 32a and the barrier metal layer 3256. Alternatively,
the barrier metal layer 325 may not be provided.

Further, a germanium (Ge) layer 34 formed of germanium
is provided on the top face, the bottom surface, and the side
surface facing the local bit line 31, of the local word line 32,
that is, on the surface of the barrier metal layer 325. On the
other hand, an insulating tungsten oxide layer 315 formed of,
for example, tungsten oxide, is provided on the side surface
facing the local word line 32 of each local bit line 31. The Ge
layer 34 connects to the local bit line 31 through the tungsten
oxide layer 315. Further, an antimony-tellurium (Sb,Te;)
layer 35 formed of antimony-tellurium alloy is provided
between the local bit line 31 and the interlayer insulation film
39. The Sb,Te, layer 35 corresponds to, for example, a super
lattice layer.

An Sb,Te, area 36s in which germanium locally exists, or
an Sh,Te; area 367 in which germanium is diffusely distrib-
uted (hereinafter referred to as “GeSbTe layer 36” in generic
term) is provided between the Ge layer 34 and the Sb,Te,
layer 35. In other words, the GeSbTe layer 36 may take the



US 9,406,721 B1

5

first state where the Sh, Te; area 365 in which germanium that
locally exists is dominant and the second state where the
Sb,Te; area 36¢ in which germanium that is diffusely distrib-
uted is dominant. Further, “to locally exist” means that there
is an area or areas having a germanium concentration of 99 or
more at % inthe GeSbTe layer 36. If such an area is interposed
in a current path, the resistance value of the GeSbTe layer 36
relatively increases. On the other hand, “to be diffusely dis-
tributed” means that there is no area having a germanium
concentration of 99 or more at % in the GeSbTe layer 36.
According to the configuration, since the germanium concen-
tration is smaller than 99 at % in the entire current path, the
resistance value of the GeSbTe layer 36 relatively decreases.
Further, a memory cell 33, in which the GeSbTe layer 36 is
used as a variable resistance layer, is formed portions of
between each local bit line 31 and each local word line 32.

The germanium (Ge) has a resistivity greater than a resis-
tivity of the antimony-tellurium (Sb,Te;). Accordingly, as
shown in FIG. 3A, when the GeSbTe layer 36 is the Sb,Te,
area 36s in which germanium locally exists, the resistance
value between the local bit line 31 and the local word line 32
is relatively high, and the memory cell 33 is in a high resis-
tance state. On the other hand, as shown in FIG. 3B, when the
GeSbTe layer 36 is the Sb,Te; area 367 in which germanium
is diffusely distributed, the memory cell 33 is in a low resis-
tance state.

As shown in FIG. 4A, in a transition operation where the
memory cell 33 transitions from a high resistance state to a
low resistance state, that is, in a set operation, a set voltage, in
which the local bit line 31 acts as a positive pole and the local
word line 32 acts as a negative pole with respect to the
memory cell 33, is increased up to a defined value, for
example, for 10 ns (nano seconds). Further, after the
increased voltage is applied, for example, for 50 ns (nano
seconds), and the voltage is decreased down to zero, for
example, for 400 ns. The pulse width (a voltage applying
time) during the applying of the voltage is typically 50 ns or
more. Further, the pulse width may be also smaller than 50 ns
in consideration of a film thickness, a material or a composi-
tion of the GeSbTe layer 36. The pulse width may be a size
which causes the voltage to increase up to a predetermined
voltage. When the pulse width is small, since it is considered
that the voltage is unlikely to increase up to a predetermined
voltage due to a wiring delay, the short pulse width may be set
to be longer. Further, a pulse rising time is, for example, 10 ns
or less, but the pulse rising time may be 10 ns or more in many
situations. According to the operation, the Ge layer 34
coheres to the local word line 32 of a low voltage (low poten-
tial). After this, if the applied voltage changes to 0 V for
sufficient long falling time, the GeSbTe layer 36 becomes
cooled (slowly cooled) as time passes, and the cohered ger-
manium is thermally diffused. Therefore, the Sb,Te, area 36¢
in which the germanium is diffusely distributed is formed and
the memory cell 33 is in the low resistance state.

On the other hand, in a transition operation where the
memory cell 33 transitions from a low resistance state to a
high resistance state, that is, in a reset operation, a reset
voltage, in which the local bit line 31 acts as a negative pole
and the local word line 32 acts as a positive pole with respect
to the memory cell 33, is increased up to a defined value, for
example, for 10 ns. Further, after the increased voltage is
applied, for example, for 50 ns (nano seconds), the voltage is
decreased up to zero, for example, for 10 ns. According to the
operation, the Ge layer 34 coheres to the local word line 32 of
a low voltage (low potential). After this, if the applied voltage
changes to 0 V for a short falling time, the GeSbTe layer 36
becomes cooled (slowly cooled) for a short time. Therefore,
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the Sb,Te; area 36s in which the cohered germanium locally
exists is formed, and as a result, the memory cell 33 is in the
high resistance state.

Hereinafter, a manufacturing method of the memory
device according to the embodiment will be described.

FIG. 5A to FIG. 5C are sectional views showing a manu-
facturing method of the memory device according to the
embodiment.

Firstly, as shown in FIG. 1, FIG. 2A and FIG. 2B, according
to a typical method, a plurality of global bit lines 11 are
formed on the silicon substrate 10, and the wiring selecting
unit 20 is formed on the global bit lines 11.

Subsequently, as shown in FIG. 5A, the interlayer insula-
tion film 39 and a sacrificial film 41 are alternatively stacked
on the wiring selecting unit 20 and thus a stacked layer body
42 is formed. For example, the interlayer insulation film 39 is
formed of silicon oxide, and the sacrificial film 41 is formed
of'silicon nitride. Subsequently, the stacked layer body 42 is
subjected to, for example, an anisotropic etching such as a
reactive ion etching (RIE), and thus slits 43 which become
widened along the YZ plane are formed.

Subsequently, as shown in FIG. 5B, antimony and tellu-
rium are deposited on the side surface of the slit 43 so as to
form the Sb,Te; layer 35. Alternatively, an antimony-tellu-
rium based compound may be deposited. Subsequently, a
tungsten film 31a is formed on the Sbh,Te; layer 35 so as to
cause the internal portion of the slit 43 to be filled.

Subsequently, as shown in FIG. 5C, for example, the RIE is
performed to form a slit 44 which becomes widened along the
YZ plane in a portion which is separate from the slit 43 in the
stacked layer body 42. Further, an isotropic etching is per-
formed through the slit 44 so as to cause the interlayer insu-
lation film 39 to remain, and cause the sacrificial film 41 to be
removed. For example, when the sacrificial film 41 is formed
of the silicon nitride, a wet etching in which thermal phos-
phoric acid is used as an etching solution is performed.
Accordingly, a recess 45 communicating with the slit 44 is
formed between adjacent interlayer insulation films 39 in the
Z direction. The recess 45 penetrates through the Sb, Te, layer
35 and into the internal portion of the tungsten film 31a.
Subsequently, a wet processing, for example, dipping into
pure water is performed. Accordingly, a portion of the tung-
sten film 31a that is exposed to the recess 45 is oxidized and
thus the tungsten oxide layer 315 is formed.

Subsequently, as shown in FIG. 3A, germanium is depos-
ited on the internal face of the recess unit 45 through the slit
44, and thus the Ge layer 34 is formed. The Ge layer 34
contacts the tungsten oxide layer 314, the Sh, Te; layer35 and
the interlayer insulation film 39. Subsequently, titanium
nitride is deposited and thus the titanium nitride layer is
formed on the surface of the Ge layer 34. Subsequently,
tungsten is deposited so as to cause the internal portion of the
recess unit 45 to be filled and thus a tungsten film is formed.
Subsequently, the tungsten film and the titanium nitride layer
which are deposited in the internal portion of the slit 44 are
removed using etching. Accordingly, the titanium nitride
layer remaining in the internal portion of the recess 45
becomes a barrier metal layer 325, and the tungsten film
remaining in the internal portion of the recess 45 becomes the
main body unit 32a. Accordingly, a local word line 32 which
is configured to include the barrier metal layer 325 and the
main body unit 324 is formed between the adjacent interlayer
insulation films 39 in the Z direction.

Subsequently, as shown in FIG. 2A and FIG. 2B, the inter-
layer insulation film 39 is embedded in the internal portion of
the slit44. Subsequently, the tungsten film 31a and the Sb, Te,
layer 35 which are formed in the internal portion of each slit
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43 are divided separately in the Y direction. Accordingly, the
tungsten film 31a is divided into a plurality of local bit lines
31, and the Sb,Te; layer 35 is divided into several pieces for
each local bit line 31. Subsequently, the interlayer insulation
film 39 is embedded between the local bit lines 31.

Subsequently, forming processing is performed. In other
words, a forming voltage, in which the local bit line 31 acts as
a positive pole and the local word line 32 acts as a negative
pole, is applied between the local bit line 31 and the local
word line 32. Accordingly, germanium atoms contained in the
Ge layer 34 are locally diffused in the internal portion of the
Sb,Te, layer 35, and antimony and tellurium atoms contained
in the Sb,Te, layer 35 are locally diffused in the Ge layer 34,
and thus the GeSbTe layer 36 is formed. Alternatively, the
forming processing may be performed using a heat treatment.
Accordingly, the memory device 1 according to the embodi-
ment is manufactured.

Hereinafter, the effect according to the embodiment will be
described.

As shown in FIG. 3A and FIG. 3B, in the memory cell 33
according to the embodiment, only the resistance of the GeS-
bTe layer 36 formed between the local word line 32 and the
Sb,Te; layer 35 changes. Further, the GeSbTe layer 36 is
divided separately between the adjacent memory cells 33 in
the X direction, the Y direction and the Z direction. Accord-
ingly, the interference between the adjacent memory cells 33
may be suppressed and also unintended activation of the
apparatus may be suppressed. If the interference between the
memory cells is suppressed, the memory device 1 may be
easily miniaturized.

Further, when the memory cell 33 is in the low resistance
state, the current which flows from the local bit line 31 to the
local word line 32 mostly flows through the GeSbTe layer 36
that includes the Sbh,Te; area 367 in which the germanium is
diffusely distributed or the Sb,Te; area 36s in which the
germanium locally exists. For this reason, the areas heated
during the set operation and the reset operation are limited to
the GeSbTe layer 36 and the vicinity of the GeSbTe layer 36,
and the degree of the heating intensity for heating the GeSbTe
layer 36 of the adjacent memory cells is low. Accordingly, the
interference between the memory cells 33 may be also sup-
pressed.

Further, As shown in FIG. 5C, in the embodiment, when an
etching is used to form the recess 45, the tip end of the recess
45 extends into the internal portion of the tungsten film 31a.
In this case, the length of the recess 45 into the tungsten film.
31a has a certain allowance range. Accordingly, precise con-
trol is not required for a stop position with respect to the
etching for forming the recess 45. For this reason, the memory
device according to the embodiment may be easily manufac-
tured.

As such, according to the embodiment, even if the minia-
turization is performed, the interference between the memory
cells is suppressed and thus an operationally stable memory
device may be easily manufactured.

Further, as materials for the Ge layer 34, instead of germa-
nium (Ge), elements belonging to the fourteenth group (group
IV) other than germanium may be used. For example, silicon
(Si) or carbon (C) may be used. Further, instead of the Sb, Te,
layer 35, acompound layer may be used which is formed of an
element belonging to the fifteenth group (group V) other than
antimony and an element of the sixteen group (chalcogen).
Further, a chalcogen compound layer of a transition metal
may be used. For example, bismuth-tellurium (BiTe) layer
may be used.

First Modification Example of First Embodiment

Hereinafter, the first modification example of the first
embodiment will be described.
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FIG. 6A and FIG. 6B are sectional views showing a
memory cell of the memory device according to the first
modification example. FIG. 6 A shows a high resistance state
and FIG. 6B shows a low resistance state.

As shown in FIG. 6A, in the memory device 1a according
to the modification example, the recess 45 does not penetrate
through the Sb,Te, layer 35, and a GeSbTe layer 36 is pro-
vided in substantially the entire area between the local bit line
31 and the local word line 32. Accordingly, the GeSbTe layer
36 has a plate-like shape which becomes widened along the
YZ plane. Further, the GeSbTe layer 36 comes in surface-
contact with the side surface 31s of the local bit line 31 and the
side surface 32s of the local word line 32, respectively.

Accordingly, as shown in FIG. 6B, when the memory cell
33 is in the low resistance state, the GeSbTe layer 36 is formed
in a plane-like shape so as to cover substantially the entire side
surface 32s of the local word line 32. As a result, the current
flowing in the low resistance state increases to a large amount,
a ratio of a current amount flowing in the low resistance state
to a current amount flowing in the high resistance state (on/off
ratio) increases. Accordingly, a reading operation becomes
further stabilized.

Further, also in the modification example, since the GeS-
bTe layer 36 as a variable resistance layer is divided sepa-
rately between the adjacent memory cells 33, the interference
between the memory cells 33 is suppressed. Further, since the
areas heated during the set operation and the reset operation
are limited to the GeSbTe layer 36 and the vicinity of the
GeSbTe layer 36, the thermal influence exerted to the adjacent
memory cells 33 decreases.

In the modification example, the configuration, the opera-
tion, the manufacturing method and the effect other than the
description described above are the same as those of the first
embodiment.

Second Modification Example of First Embodiment

Hereinafter, the second modification example of the first
embodiment will be described.

FIG. 7A and FIG. 7B are sectional views showing a
memory cell of the memory device according to the second
modification example. FIG. 7A shows a high resistance state
and FIG. 7B shows a low resistance state.

As shown in FIG. 7A, in the memory device 15 according
to the modification example, the positions of the Ge layer 34
and the Sb,Te, layer 35 are reversed with each other, as
compared with the case of the memory device 1a according to
the first modification example. In other words, the Ge layer 34
is formed on the side surface 31s of the local bit line 31, and
the Sb,Te; layer 35 is formed on the top face, the bottom
surface and the side surface 32s of the local word line 32.

As shown in FIG. 7B, also in this configuration, when in the
low resistance state, the GeSbTe layer 36 is formed on the
substantially entire side surface 32s of the local word line 32.

Also, in the modification example, the configuration, the
operation, the manufacturing method and the effect other than
the description described above are the same as those of the
first modification example.

Second Embodiment

Hereinafter, the second embodiment will be described.

FIG. 8 is a perspective view showing a memory device
according to the embodiment.

FIG. 9A is a sectional view showing the memory device
according to the embodiment and FIG. 9B is a sectional view
showing a memory cell of the memory device according to the
embodiment.
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As shown in FIG. 8 and FIG. 9A, the memory device 2
according to the embodiment is different from the memory
device (see FIG. 1) according to the first embodiment in the
configuration of the memory unit 30. As shown, in the
memory device 2, the local word line 32 extends in the Y
direction and arranged in multiple rows in the Z direction
between two adjacent local bit lines 31 in the X direction.
Accordingly, in an XZ plane, the local bit line 31 and the local
word line 32 are alternatively arranged in the X direction.

Further, the GeSbTe layer 36 as a variable resistance layer
is provided on the entire opposing side surfaces 31s of the
local bit line 31 in the X direction. The GeSbTe layer 36 is a
super lattice layer. Alternatively, instead of GeSbTe layer 36
of'asingle layer, a stacked layer film in which the Ge layer and
the Sb,Te; layer are stacked may be provided. Each GeSbTe
layer 36 has a thickness in the X direction and a width in the
Y direction and extends in the Z direction. Accordingly, the
GeSbTe layer 36 is interposed between the local bit line 31
and the local word line 32.

As shown in FIG. 9B, for example, the main body unit 324
formed of tungsten (W) is provided in the local word line 32,
and the barrier metal layer 326 formed of, for example, tita-
nium nitride (TiN) is provided on the top face of the main
body unit 32a. The barrier metal layer 325 is not provided on
the bottom surface of the main body unit 32a and the side
surface of the main body unit 324 facing the local bit line 31.
The main body unit 32¢ has a thickness in the Z direction
greater than a thickness of the barrier metal layer 325 in the Z
direction, and the resistivity of the main body unit 32q is
smaller than the resistivity of the barrier metal layer 324.

Further, an insulation member 51 formed of, for example,
silicon oxide (Si0,) is provided between the main body unit
32a and the GeSbTe layer 36. However, the insulation mem-
ber 51 is not provided between the barrier metal layer 325 and
the GeSbTe layer 36. For this reason, the barrier metal layer
32b is arranged on the insulation member 51, and the side
surface of the barrier metal layer 325 contacts with the GeS-
bTe layer 36. Accordingly, the current flowing from the local
bit lines 31 to the local word line 32 through the GeSbTe layer
36 passes through a portion which is arranged on the insula-
tion member 51 in the barrier metal layer 324.

Hereinafter, the manufacturing method of the memory
device according to the embodiment will be described.

FIG. 10A to FIG. 10C, FIG. 11A and FIG. 11B are sec-
tional views showing a manufacturing method of the memory
device according to the embodiment.

Firstly, as shown in FIG. 8, according to a typical method,
a plurality of global bit lines 11 are formed on the silicon
substrate 10, and the wiring selecting unit 20 is formed on the
global bit lines 11.

Subsequently, as shown in FIG. 10A, the interlayer insu-
lation film 39 formed of, for example, silicon oxide, a tung-
sten film 52 formed of, for example, tungsten, and a titanium
nitride film 53 formed of titanium nitride are repeatedly
formed in the order listed on the wiring selecting unit 20.
Accordingly, a stacked layer body 55 is formed. Alternatively,
the tungsten film 52 and the titanium nitride film 53 may be
stacked in the reverse order. Subsequently, slits 56 which
become widened along the YZ plane are formed in the stacked
layer body 55. Accordingly, the slit 56 causes the tungsten
film 52 and the titanium nitride film 53 to be divided into the
main body unit 32a and the barrier metal layer 3256 ofthe local
word line 32, respectively.

Subsequently, as shown in FIG. 10B, an isotropic etching is
performed through the slit 56. The etching is based on the
condition that tungsten is etched selectively over silicon
oxide and titanium nitride. Accordingly, the main body unit
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32a has an area exposed to the side surface of the slit 56, and
the exposed area of the main body unit is retreated and thus a
recess 57 extending in the Y direction is formed.

Subsequently, as shown in FIG. 10C, for example, atomic
layer deposition (AL D) method is used to form a silicon oxide
film 58 on the internal face of the slit 56. The silicon oxide
film 58 is also embedded in the internal portion of the recess
57.

Subsequently, as shown in FIG. 11A, the silicon oxide film
58 is etched back through the slit 56 and thus a portion of the
silicon oxide film 58 being deposited in the external portion of
the recess 57 is removed. Accordingly, a portion of the silicon
oxide film 58 remaining in the internal portion of the recess 57
becomes the insulation member 51.

Subsequently, as shown in FIG. 11B, the GeSbTe layer 36
is formed on the internal face of the slit 56. The GeSbTe layer
36 contacts the interlayer insulation film 39, the insulation
member 51 and the barrier metal layer 325b. However, the
insulation member 51 causes the GeSbTe layer 36 to be
separate from (not in contact with) the main body unit 32a.

Subsequently, as shown in FIG. 9A and FIG. 9B, the tung-
sten is deposited to cause the internal portion of the slit to be
filled. Subsequently, for example, a photolithography method
is used to partition tungsten and the GeSbTe layer 36 in the Y
direction. Accordingly, the tungsten in the internal portion of
the slit 56 is machined to form a plurality of local bit lines 31.
Subsequently, the interlayer insulation film 39 is embedded
between the local bit lines 31 and between the GeSbTe layers
36 in the internal portion of the slit 56. Accordingly, the
memory device 2 according to the embodiment is manufac-
tured.

Subsequently, the effect of the embodiment will be
described.

FIG. 12A and FIG. 12B are views showing an effect
according to the embodiment. FIG. 12A shows the memory
device according to the embodiment and FIG. 12B shows a
memory device according to a comparative example.

As shown in FIG. 12A, in the memory device 2 according
to the embodiment, since the insulation member 51 is pro-
vided between the main body unit 324 of the local word lines
32 and the GeSbTe layer 36, a portion between the insulation
member 51 and the interlayer insulation film 39 in the current
path from the local bit line 31 to the local word line 32 through
the GeSbTe layer 36 is formed to be limited to the barrier
metal layer 325.

As such, the current path becomes narrowed in the vicinity
of the GeSbTe layer 36. Therefore, a phase change portion
36a in the GeSbTe layer 36 also has a width which is reduced
in the Z direction accordingly, and thus a thermal influence
portion 365 also has a width which is reduced in the Z direc-
tion. As a result, in the GeSbTe layer 36, when a phase change
portion 36a belonging to a certain memory cell 33 is phase-
changed, the thermal influence portion 365 involved in this
changing action may be refrained from reaching a portion 36¢
belonging to the adjacent memory cell 33 and may be pre-
vented from interfering with the operation of the adjacent
memory cells 33. As a result, a distance between the memory
cells 33 may be reduced and thus miniaturizing of the
memory device 2 may be attained.

On the other hand, as shown in FIG. 12B, since the insu-
lation member 51 is not provided in the memory device 102
according to the comparative example, the entire side surface
of the local word line 32 comes in contact with the GeSbTe
layer 36. Accordingly, in the GeSbTe layer 36, the phase
change portion 36a has a width which is increased in the Z
direction (relative to the second embodiment), and the ther-
mal influence portion 365 also has a width which increases in
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the Z direction. As a result, there is a high possibility that the
thermal influence portion 365 produced due to a phase change
of'a certain memory cell 33 reaches the portion 36¢ belonging
to the adjacent memory cell 33, and thus the interference is
likely to occur to the adjacent memory cells 33. For example,
if heat involved in the action of a certain memory cell 33
remains, and when a reset operation necessary for rapidly
cooling the adjacent memory cell 33 (see FIG. 4B) is per-
formed, the cooling is slowed, and thus there may be a case
where the set operation (see FIG. 4A) occurs.

In order to avoid such interference, the distance between
the memory cells 33 is required to be sufficiently increased. If
this occurs, however, the miniaturization of the memory
device 102 is sacrificed. Further, in order to alleviate the
thermal influence, it is considered that the operational time
for operating the memory cell 33 is increased. If this occurs,
however, the operational speed of the memory device 102 is
reduced. Further, it may be considered that the main body unit
32a and the insulation member 51 are not provided, and the
local word line 32 includes only the barrier metal layer 324. If
this occurs, however, the wiring resistance of the local word
lines 32 is increased and thus the current necessary for the
operation of the apparatus may not be supplied sufficiently.

Modification Example of Second Embodiment

Subsequently, the modification example of the second
embodiment will be described.

FIG. 13 is a sectional view showing the memory device
according to the modification example.

The entire configuration of the memory device according
to the modification example is similar to the configuration
shown in FIG. 1. In other words, two local word lines 32
arranged in the X direction are arranged between two adjacent
local bit lines 31 in the X direction.

As shown in FIG. 13, in the memory device 2a according to
the modification example, a portion 364 of the GeSbTe layer
36 extends out on the insulation member 51. Accordingly, the
side surface of the barrier metal layer 326 and the tip end face
of the portion 36d of the GeSbTe layer 36 come in contact
with each other in a position between the insulation member
51 and the interlayer insulation film 39 above the insulation
member 51.

Hereinafter, the manufacturing method of the memory
device 2a according to the modification example will be
described.

FIG. 14A to FIG. 14C, FIG. 15A and FIG. 15B are sec-
tional views showing a manufacturing method of the memory
device according to the modification example.

Firstly, as shown in FIG. 1, according to a typical method,
a plurality of global bit lines 11 are formed on the silicon
substrate 10, and the wiring selecting unit 20 is formed on the
global bit lines 11.

Subsequently, as shown in FIG. 14A, the interlayer insu-
lation film 39 formed of, for example, silicon oxide, a sacri-
ficial film 61 formed of, for example, silicon nitride, and the
titanium nitride film 53 formed of, for example, titanium
nitride are repeatedly formed in the order listed on the wiring
selecting unit 20. Accordingly, a stacked layer body 62 is
formed. Subsequently, slits 63 which become widened along
the YZ plane are formed on the stacked layer body 62.
Accordingly, the slit 63 causes the titanium nitride film 53 to
be divided into the barrier metal layer 325 of the local word
line 32.

Subsequently, as shown in FIG. 14B, for example, oxida-
tion species such as nitrogen monoxide (N,O) or the like is
used to perform oxidization processing through the slit 63.
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Accordingly, a portion of the sacrificial film 61 exposed to the
slit 63 is oxidized and thus a sacrificial member 51 formed of
silicon oxide is formed. Further, an exposed portion of the
barrier metal layer 325 to the internal portion of the slit 63 is
oxidized and thus a titanium oxide film 64 is formed. In this
case, since silicon nitride is easily oxidized when compared
with the case of titanium nitride, the sacrificial member 51 has
a thickness greater than that of the titanium oxide film 64 in
the X direction.

Subsequently, as shown in FIG. 14C, an etching-back is
performed through the slit 63 so as to cause the titanium oxide
film 64 to be removed. In this case, the sacrificial member 51
remains. Accordingly, the recess 65 extending in the Y direc-
tion is formed in the side surface of the slit 63.

Subsequently, as shown in FIG. 15A, the GeSbTe layer 36
is formed on the internal face of the slit 63. In this case, the
portion 364 of the GeSbTe layer 36 is filled in the recess unit
65 to come in contact with the barrier metal layer 325. Alter-
natively, a portion other than the portion 364 in the GeSbTe
layer 36 comes in contact with the interlayer insulation film
39 and the insulation member 51. Subsequently, the tungsten
film 66 is deposited on the side surface ofthe GeSbhTe layer 36
s0 as to cause the internal portion of the slit 63 to be filled.

Subsequently, for example, a photolithography method is
used to partition the tungsten film 66 and the GeSbTe layer 36
intheY direction. Accordingly, the tungsten film is machined
into a plurality of local bit lines 31. Subsequently, the inter-
layer insulation film 39 is embedded between the local bit
lines 31 and between the GeSbTe layers 36 in the slit 63.

Subsequently, as shown in FIG. 15B, for example, the RIE
is performed to form the slit 67 which becomes widened
along the YZ plane in a portion which is separate from the slit
63 in the stacked layer body 62. Further, an isotropic etching
is performed through the slit 67 so as to cause the sacrificial
film 61 to be removed. Accordingly, a recess 68 is formed in
the side surface of the slit 67. In this etching, the sacrificial
member 51 formed of silicon oxide is not removed but is
exposed within the deep inner face of the recess 68.

Subsequently, as shown in FIG. 13, tungsten is embedded
in the internal portion of the recess 68 through the slit 67.
Subsequently, the etching is performed to remove the tung-
sten deposited on the external portion of the recess unit 68. As
aresult, the tungsten remaining in the recess unit 68 is used to
form the main body unit 32a of the local word lines 32. The
local word line 32 includes the main body unit 32a¢ and the
barrier metal layer 326. Subsequently, the interlayer insula-
tion film 39 is embedded in the internal portion of the slit 67.
Accordingly, the memory device 2a according to the modifi-
cation example is manufactured.

In the modification example, the configuration, the manu-
facturing method, the operation and the effect other than the
description described above are the same as those of the
second embodiment.

Further, in the second embodiment and the modification
example of the second embodiment, there is provided an
example in which the GeSbTe layer 36 is used as the variable
resistance layer. However, the second embodiment and the
modification example are not limited to the provided
example, but the variable resistance layer may be the super
lattice layer other than the GeSbTe layer 36. For example, the
variable resistance layer may be a layer containing a four-
teenth group element such as silicon (Si) or carbon (C), and a
compound of a fifteenth group element and a sixteenth group
element, such as bismuth-tellurium (BiTe) or the like. Fur-
ther, the variable resistance layer may be a phase change layer
other than the super lattice layer or a variable resistance layer
other than the phase change layer.
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According to the embodiments described above, it is pos-
sible to achieve a memory device in which the interference
between the memory cells is suppressed.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A memory device comprising:

a plurality of bit lines, including first and second bit lines,
extending in a first direction away from a substrate;

a plurality of word lines, including first and second word
lines, extending in a second direction crossing the first
direction and substantially parallel to a surface of the
substrate;

an insulating material between the first and second word
lines;

a first layer made of a Group IV element, between the first
word line and the insulating material and between the
first word line and the first bit line; and

a second layer made of a compound of a Group V element
and a Group VI element, between the insulating material
and the first bit line, wherein

the first word line includes a first portion that is metallic
and a second portion between the first portion and the
first layer, and

a variable resistance portion in contact with the first and
second layers and the second portion of the first word
line, contains the Group IV element and the compound
of'the Group V element and the Group VI element.

2. The device according to claim 1, further comprising:

an oxide layer between the first layer and the first bit line.

3. The device according to claim 1,

wherein the first bit line is made of tungsten and the oxide
layer is made of tungsten oxide.

4. The device according to claim 1,

wherein the first layer contains an element of one species
selected from a group including germanium, silicon and
carbon, and

wherein the second layer contains one of an antimony-
tellurium alloy or a bismuth-tellurium alloy.

5. The device according to claim 1, wherein a resistivity of

the first layer is higher than a resistivity of the second layer.

6. The device according to claim 1, wherein the second

portion is a barrier metal layer.

7. The device according to claim 1, wherein

the plurality of bit lines are evenly spaced apart in the
second direction and in a third direction that intersects
both the first direction and the second direction; and

the plurality of word lines are evenly spaced apart in the
first direction and two word lines are arranged on oppo-
site sides of each bit line in the third direction.

8. The device according to claim 1,

wherein the variable resistance portion is in a first state
when the Group IV element locally exists in the com-
pound of the Group V element and the Group VI ele-
ment, and a second state when the Group V element is
diffusely distributed in the compound of the Group V
element and the Group VI element.
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9. A memory device comprising:

a plurality of bit lines, including first and second bit lines,
extending in a first direction away from a substrate;

a plurality of word lines, including first and second word
lines, extending in a second direction crossing the first
direction and substantially parallel to a surface of the
substrate;

an insulating material between the first and second word
lines;

a first layer between the first word line and the insulating
material;

a second layer between the insulating material and the first
bit line, and

a variable resistance layer between the first word line and
the first bit line, wherein

the first word line includes a first portion that is metallic
and a second portion between the first portion and the
first layer and the first portion and the variable resistance
layer, and

the variable resistance layer is in contact with the first and
second layers, the second portion of the first word line,
and the bit line, and contains a Group IV element and a
compound of a Group V element and a Group VI ele-
ment.

10. The device according to claim 9, wherein the first layer
is made of the Group IV element, and the second layer is made
of the compound of the Group V element and the Group VI
element.

11. The device according to claim 9, wherein the first layer
is made of the compound of the Group V element and the
Group VI element, and the second layer is made of the Group
1V element.

12. The device according to claim 9, wherein the variable
resistance layer contains germanium, antimony and tellu-
rium.

13. The device according to claim 9, wherein a resistivity of
the first layer is higher than a resistivity of the second layer.

14. The device according to claim 9, wherein

the plurality of bit lines are evenly spaced apart in the
second direction and in a third direction that intersects
both the first direction and the second direction; and

the plurality of word lines are evenly spaced apart in the
first direction and two word lines are arranged on oppo-
site sides of each bit line in the third direction.

15. The device according to claim 9,

wherein the variable resistance layer is in a first state when
the Group IV element locally exists in the compound of
the Group V element and the Group VI element, and a
second state when the Group V element is diffusely
distributed in the compound of the Group V element and
the Group VI element.

16. A memory device comprising:

a plurality of bit lines, including first and second bit lines,
extending in a first direction away from a substrate;

a plurality of word lines, including first and second word
lines, extending in a second direction crossing the first
direction and substantially parallel to a surface of the
substrate;

a first insulating layer between the first and second word
lines;

a Group IV element layer made of a Group IV element
between the first word line and the first bit line; and

a second insulating layer between a first portion of the first
word line and the Group IV element layer but not
between a second portion of the first word line and the
Group IV element layer, wherein a thickness of the first
portion is greater than a thickness of the second portion.
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17. The device according to claim 16, wherein

a second portion of the first word line is in direct contact

with the Group IV element layer.

18. The device according to claim 16, further comprising:

avariable resistance portion between the second portion of 5

the first word line and the Group IV element layer.
19. The device according to claim 18, wherein the variable
resistance portion contains the Group IV element and a com-
pound of a Group V element and a Group VI element.
20. The device according to claim 16, wherein 10
the plurality of bit lines are evenly spaced apart in the
second direction and in a third direction that intersects
both the first direction and the second direction, each of
the bit lines being sandwiched by two Group IV element
layers in the third direction; and 15

the plurality of word lines are evenly spaced apart in the
first direction and the third direction.
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